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(54) [ Title of the Invention ] Microporous Membrane, Manufacturing Method 

Therefor, and Separator for Nonaqueous Electrolyte 
Cell 

(57) [ Summary ] 

[ Object ] To obtain a microporous membrane that is highly responsive to temperature 
increases, has a fine, uniform porous structure, and can be used for lithium cell separators 
and the like. 

[ Composition ] A film containing 100 weight parts of polyethylene or another 
crystalline base polymer and 2 to 15 weight parts of a low-molecular- weight material 
similar to the base polymer is first stretched at a low temperature close to room 
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temperature, and is then uniaxially stretched under heating, yielding a microporous 
membrane. Low-molecular- weight polyethylene wax can be cited as an example of a 
low-molecular-weight material 

[ Claims J 

[ Claim 1 ] A stretched microporous membrane, containing a crystalline base polymer 
and a low-molecular-weight material similar to this polymer. 

[ Claim 2 ] A microporous membrane as defined in Claim 1, wherein the crystalline base 
polymer is an olefin-based polymer, and said low-molecular-weight material is a 
hydrocarbon that is liquid or solid at room temperature. 

[ Claim 3 ] A microporous membrane as defined in Claim 1, wherein said low- 
molecular-weight material is liquid paraffin or an aliphatic hydrocarbon wax. 

[ Claim 4 ] A microporous membrane as defined in Claim 3, wherein the aliphatic 
hydrocarbon wax is paraffin wax or a low-molecular-weight polyethylene wax. 

[ Claim 5 ] A microporous membrane as defined in Claim 1, wherein said low- 
molecular- weight material is solid at room temperature, and the melting point thereof is 
lower than the melting point of the base polymer. 

[ Claim 6 ] A microporous membrane as defined in Claim 1, wherein the content of said 
low-molecular-weight material is 2 to 15 weight parts per 100 weight parts base polymer. 

[ Claim 7 ] A microporous membrane as defined in Claim 1, wherein the content of the 
low-molecular-weight polyethylene wax with an average molecular weight of 1 000 to 
10,000 is 4 to 12 weight parts per 100 weight parts polyethylene or polypropylene. 

[ Claim 8 ] A microporous membrane as defined in Claim 1, wherein the mean pore 
width in the stretching direction is 0.01 to 1 .0 jam, the mean pore width in the direction 
orthogonal to the stretching direction is 0.005 to 0.5 jam, the Gurley value is 10 to 
60 s/10 cm 3 , and the porosity is 20 to 70%. 

[ Claim 9 ] A separator for a nonaqueous electrolyte cell, composed of a microporous 
membrane as defined in Claim 1. 



2 



# 



[ Claim 10 ] A method for manufacturing a microporous membrane, comprising 
stretching a sheet or film containing a crystalline base polymer and a low-molecular- 
weight material similar to said base polymer. 

[ Claim 1 1 ] A method for manufacturing a microporous membrane as defined in 
Claim 10, wherein a composition containing said base polymer and said low-molecular- 
weight material is extrusion-molded in the molten state; uniaxially stretched at a 
temperature of -20°C to 50°C and a draw ratio of 1.2 to 3.0; stretched at a temperature of 
(Tm - 50)°C to (Tm - 5)°C, where Tm is the melting point of the base polymer, at a draw 
ratio of 1.1 to 3.0 in the same direction as said stretching direction; and subjected to heat 
setting. 

[ Detailed Description of the Invention ] 
[ 0001 ] 

[ Technological Field of the Invention ] The present invention relates to a microporous 
membrane that may, for example, be used as a separator for a lithium cell or other 
nonaqueous electrolyte cell, and to a manufacturing method therefor. 

[ 0002 ] 

[ Prior Art ] Advantages of nonaqueous electrolyte cells in which lithium or another light 
metal is used as the negative electrode include low self-discharge and an energy density 
that is two to three times higher than that of a conventional lead or nickel-cadmium cell. 
These nonaqueous electrolyte cells have therefore attracted attention as primary and 
secondary cells for large-current applications. 

[ 0003 ] Cells obtained using highly reactive lithium or the like for the negative electrode 
are disadvantageous, however, in that nonaqueous electrolytes must be used. This results 
in low mobility and makes it difficult to obtain large currents. In view of this, it has been 
proposed to use spiral electrodes in which a microporous membrane is placed as a 
separator between the positive electrode and negative electrode, and the assembly is 
configured as a spiral in order to increase the corresponding surface areas of the two 
electrodes. 

[ 0004 ] Nonaqueous electrolyte cells having such spiral electrodes have high energy 
density and allow large currents to be obtained. In such cells, however, large shorting 
currents flow and Joule heat is generated due to external shorting, causing the internal 
cell temperature to rise. For this reason, the electrolyte vaporizes and reacts with the 
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active material of the negative electrode, generating gases. Due to the presence of these 
gases, there is a risk that the temperature inside the cell will rise dramatically. This 
creates a danger that the gases will escape from the cell or that the highly reactive lithium 
will ignite the flammable electrolyte, causing a fire. 

[ 0005 ] In view of the above, the following shutdown mechanism has been adopted in 
order to prevent such a fire or explosion from occurring. Specifically, this mechanism 
operates such that an abnormal increase in temperature resulting form external shorting 
closes the pores in the separator and renders the separator nonporous while the membrane 
surface area is kept unchanged and the membrane shape is preserved. Such a mechanism 
creates a higher electrical resistance, reduces the quantity of electricity flowing between 
the electrodes, reduces temperature increases, and makes it possible to prevent fires, 
explosions, and other accidents from occurring. 

[ 0006 ] To possess a shutdown mechanism, a microporous membrane used as such a 
separator must have properties that allow pores to be rapidly closed and the electrodes to 
be separated from each other to prevent short circuiting while the membrane shape 
remains unchanged during a temperature increase brought about by an external short 
circuit (such characteristics will be collectively referred to hereinbelow as "shutdown 
properties"). For example, the membrane must have the following characteristics: 
(i) have narrow, uniform pores, (ii) allow pores to close up by changing their shapes or 
melting/softening at a comparatively low temperature, (iii) be able to preserve its shape 
and to function as a diaphragm without fusing at the pore-closing temperature, and the 
like. 

[ 0007 ] Conventional melt-blow polyolefin nonwoven fabrics used as such separators 
are incapable of producing microporous membranes possessing sufficiently small and 
uniformly arranged pores, and are thus unsuitable because they do not yet have adequate 
shutdown properties and are unsafe for use in nonaqueous electrolyte cells. 

[ 0008 ] JP (Kokai) 3-205433 discloses a method for manufacturing a microporous 
membrane by stretching a polyolefin or other film in a uniaxial direction in two steps (at 
a low temperature and under heating). The microporous membrane obtained by this 
method has comparatively homogeneous micropores. Such a microporous membrane, 
however, has only a small difference between the melt start temperature and the melting 
point of the resin constituting the membrane, and displays a clearly defined melting 
behavior. For this reason, the pores become closed when the resin melts near the melting 
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point, weakening membrane response to temperature increases, adversely affecting the 
ability of the pores to close up, and making it impossible to rapidly close up the pores. 

[ 0009 ] JP (Kokai) 60-242035 discloses a method for manufacturing a microporous 
membrane by combining a heating/stretching step with a step in which an organic solvent 
is added to polyethylene, a gelled sheet is obtained, and the solvent is extracted and 
removed form this sheet with another solvent. When a membrane is obtained by this 
method, the resin constituting this membrane is softened at a temperature below the 
melting point, the pore morphology is changed, and the pores are closed. This method, 
however, fails to produce homogeneous micropores because the pores are formed by the 
removal of the organic solvent from the gelled sheet. In addition, the need to perform 
steps aimed at removing, recovering, and reusing organic solvents results in extremely 
complicated procedures and makes it necessary to employ dedicated equipment for 
performing such removal, recovery, and the like. Consequently, this approach entails 
considerable outlays and is unsuitable for mass production. 

[ 0010 ] Thus, conventional microporous membranes do not yet meet the shutdown 
requirements of separators for nonaqueous electrolyte cells. 

[0011] 

[ Problems Which the Invention Is Intended to Solve ] An object of the present 
invention, therefore, is to provide a microporous membrane that is highly responsive to 
temperature increases and allows pores to be closed up in a smooth fashion. 

[ 0012 ] Another object of the present invention to provide a microporous membrane in 
which the difference between the melting point and the melt start temperature is reduced 
while the melting point of the resin itself is reduced and the melt start temperature 
lowered. 

[ 0013 ] Still another object of the present invention is to provide a microporous 
membrane in which the pores are narrow and uniform, and the above-described 
characteristics are further improved. 

[ 0014 ] Yet another object of the present invention is to provide a separator for a 
nonaqueous solution cell that can be used to prevent a short circuit from occurring during 
an increase in temperature. 
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[ 0015 ] An additional object of the present invention is to provide a method that allows 
a microporous membrane having such excellent characteristics to be fabricated simply 
and efficiently. 

[ 0016 1 

[ Structure of the Invention ] As a result of research into the compositions of 
microporous membranes, the inventors perfected the present invention upon discovering 
that a microporous membrane that is highly responsive to temperature increases and 
maintains a large difference between the melting point and the melt start temperature can 
be obtained by mixing a base polymer with a low-molecular-weight material similar to 
the base polymer. 

[ 0017 J Specifically, the present invention provides a stretched microporous membrane 
containing a crystalline base polymer and a low-molecular-weight material similar to this 
polymer. This microporous membrane may, for example, be used as a separator for a 
nonaqueous solution cell. 

[ 0018 ] Such a microporous membrane may, for example, be obtained by stretching a 
sheet or film containing a crystalline base polymer and a low-molecular-weight material 
similar to the base polymer. 

[ 0019 ] As used herein, the term "melting point" refers to the melt peak temperature 
(Tpm) measured at a temperature increase rate of 10 ± l°C/min with the aid of a 
differential scanning calorimeter (DSC) in accordance with the measurement technique 
defined in JIS K 7121. Unless stated otherwise, the melting point of the base polymer 
will hereinafter be designated as Tm. The term "melt start temperature" refers to the melt 
start temperature measured at a temperature increase rate of 10 ± l°C/min with the aid of 
a differential scanning calorimeter (DSC) in accordance with the measurement technique 
defined in JIS K 7121. The term "film" also encompasses any substantially flat structure 
commonly referred to as "a sheet" by those skilled in the art. 

[ 0020 ] The base polymer is not subject to any particular limitations and may be any 
crystalline polymer that can be fashioned into a film. Examples include polyamides, 
halogen-containing vinyl polymers, polyesters, and olefin-based polymers. 

[ 0021 ] Examples of polyamides include nylon 6, nylon 66, nylon 610, nylon 612, and 
nylon 616. Polyvinylidene chloride may be cited as an example of a halogen-containing 
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vinyl polymer. Examples of polyesters include polyalkylene terephthalates such as 
polyethylene terephthalate, polybutylene terephthalate, and other polyesters; 

[ 0022 ] Examples of olefin-based polymers include olefin homopolymers, or 
copolymers containing olefins as their structural units. Examples of olefins include 
ethylene, propylene, 1-butene, 4-methyl- 1-butene, 1-pentene, 3 -methyl- 1-pentene, 
4-methyl- 1-pentene, and other a-olefins with carbon numbers of about 2 to 10, as well as 
isobutene and other such olefins. a-Olefins with carbon numbers of about 2 to 6 are 
preferred. These olefins may be used singly or as combinations of two or more olefins. 

[ 0023 ] As long as there is no adverse effect on crystallinity, the olefin-based polymer 
may be a copolymer with a copolymerizable vinyl monomer such as a cyclic olefin, an 
ethylenic unsaturated carboxylic acid, an anhydride thereof, or an ester thereof. 

[ 0024 ] The degree of polymerization of the base polymer is commonly about 100 to 
100,000, and preferably about 3000 to 50,000. 

[ 0025 ] Preferred examples of olefin-based polymers include homo- or copolymers of 
a-olefins having carbon numbers of about 2 to 4, such as polyethylene, polypropylene 
(isotactic polypropylene or the like), ethylene-polypropylene copolymers, and other 
homo- or copolymers containing ethylene or propylene as their structural units. 
Polyethylene and polypropylene are particularly preferred, and polyethylene is considered 
to be the best choice. 

[ 0026 ] Examples of polyethylene products include low-density polyethylene, medium- 
density polyethylene, high-density polyethylene, low-density linear polyethylene, and 
superhigh-molecular-weight polyethylene. 

[ 0027 ] Measured at the melt extrusion temperature during film molding, the melt index 
of the olefin-based polymer is commonly about 0.1 to 100 g/10 min, and preferably about 
0.5 to 50 g/10 min. 

[ 0028 1 A microporous membrane obtained using this highly crystalline olefin-based 
polymer has uniform pore diameters, allows micropores to be formed in a homogeneous 
manner, and has excellent solvent resistance against organic solvents (for example, 
electrolytes for lithium secondary cells). 
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[ 0029 ] The melting point (Tm), while not subject to any particular limitations, is 
commonly about 70 to 250°C, preferably about 80 to 200°C, and ideally about 100 to 
180°C. When the base polymer has an excessively high melting point, it is less capable 
of functioning as a diaphragm, and when the melting point is too high, the microporous 
membrane softens, the pore-closing temperature increases, and it becomes impossible to 
rapidly close up the pores. 

[ 0030 ] The principal distinctive feature of the inventive microporous membrane is that 
a combination of a crystalline base polymer and a low-molecular-weight material similar 
to the base polymer is used. Specifically, adding such a low-molecular-weight material 
can reduce the melt start temperature of the microporous membrane while lowering the 
melting point of the base polymer as such. For this reason, the pores can be rapidly 
closed up at a comparatively low temperature by softening/deformation when the 
temperature increases, resulting in improved self-closing properties and rapid response to 
temperature increases. Consequently, a separator composed of the microporous 
membrane of the present invention has good shutdown properties because an increase in 
temperature due to an external short circuit is accompanied by rapid pore closure and 
electrode separation while the membrane structure is preserved. 

[ 0031 ] The low-molecular-weight material is not subject to any particular limitations as 
long as it is a low-molecular-weight material similar to the base polymer (this material 
will be abbreviated hereinbelow as "the low-molecular-weight materiar), such as a 
material that contains the structural components of the base polymer as units and has a 
lower molecular weight than does the base polymer. The low-molecular- weight material 
can be appropriately selected depending on the type of base polymer. Preferred low^- 
molecular-weight materials include plastic low-molecular-weight materials and materials 
compatible with the base polymer. These materials often function as plasticizers for the 
base polymer. 

[ 0032 ] When, for example, an olefm-based polymer is used as the base polymer, a 
hydrocarbon that is liquid or solid at room temperature may be used as such a low- 
molecular-weight material. Examples include liquid paraffins (such as paraffins 
containing alkyl naphthalenes with carbon numbers of about 10 to 20, and preferably 
about 12 to 16) and aliphatic hydrocarbons. 

[ 0033 ] Examples of aliphatic hydrocarbons include /j-paraffins with carbon numbers of 
about 10 to 70, preferably about 12 to 50, and ideally about 14 to 30, as well as paraffin 
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waxes (for example, those having carbon numbers of about 25 to 35), microcrystalline 
waxes (for example, those having carbon numbers of about 40 to 60), low-molecular- 
weight polyethylene waxes, low-molecular-weight polypropylene waxes (for example, 
atactic polypropylene), a-olefin waxes, and other hydrocarbon-based waxes. 

I 0034 ] The average molecular weight of the low-molecular-weight material is 
commonly about 250 to 20,000, and preferably about 300 to 10,000. Such low- 
molecular- weight materials may be used singly or as combinations of two or more 
components. 

[ 0035 ] Paraffin wax and other such low-molecular-weight hydrocarbons may also 
contain branched components such as z-paraffin, or cyclic components such as naphthene. 

[ 0036 ] Preferred hydrocarbons include low-molecular- weight aliphatic hydrocarbons 
that are solid at room temperature, such as hydrocarbon-based waxes, particularly 
paraffin wax and low-molecular-weight polyethylene wax, of which the latter is 
preferred. 

[ 0037 ] The number-average molecular weight of the polyethylene wax is commonly 
about 300 to 800, preferably about 300 to 700, and ideally about 400 to 700. The average 
molecular weight of the low-molecular- weight polyethylene wax is commonly about 
1000 to 10,000, preferably about 1000 to 8000, particularly about 1000 to 7000, and 
ideally about 1000 to 5000. 

[ 0038 ] The melting point of the low-molecular-weight material, although not subject to 
any particular limitations, is commonly about room temperature or higher but less than 
the melting point Tm of the base polymer, preferably about (Tm - 100)°C to (Tm - 5)°C, 
particularly about (Tm - 80)°C to (Tm - 10)°C, and ideally about (Tm - 50)°C to (Tm - 
10)°C. When the low-molecular-weight material has an excessively low melting point, 
the melt start temperature of the microporous membrane decreases to a lesser degree, and 
when the melting point of the low-molecular-weight material is too low, it is more 
difficult to obtain a uniform, fine porous structure. 

[ 0039 ] A preferred microporous membrane contains the above-described olefin-based 
polymer and aliphatic hydrocarbon. Such a microporous membrane not only allows the 
melt start temperature of the membrane to be reduced but also makes it possible to obtain 
a finer porous structure without having any adverse effect on the crystallinity of the base 
polymer. 
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[0040] The content of the low-molecularjKg jght material can be appropriately selected^ 
in,accordance with thg jype of base polymer and low-molecular-weight material, and is 
commonly about 2 to 15 weight parts, preferably about 4 to 12 weight parts, and ideally 
about 5 to 10 weight parts, per 100 weight parts of the base polymer. When the content 
of the low-molecular-weight material is too low, it is impossible to lower the melt start 
temperature in a meaningful manner, whereas an excessively high content tends to impair 
pore formation. 

[ 0041 ] Provided the characteristics of the inventive microporous membrane are not 
adversely affected, the following commonly used additives may also be added to the 
membrane: stabilizers (antioxidants, UV absorbers, heat stabilizers, and the like), fillers, 
antiblocking agents, lubricants, antistatic agents, colorants, flame retardants, and the like. 

[ 0042 ] The thickness of the inventive microporous membrane is not subject to any 
particular limitations and can be appropriately selected depending on the intended 
application or the like. The thickness is commonly about 1 to 50 jam, preferably about 5 
to 40 jim, and ideally about 10 to 30 jam. 

[ 0043 ] The microporous membrane of the present invention is stretched to obtain 
uniformly distributed micropores. The mean width of these micropores in the stretching 
direction is commonly about 0.01 to 1.0 jam, and preferably about 0.02 to 0.7 |im. The 
mean pore width may, for example, be 0.01 to 0.1 jam. More often, however, a width of 
about 0.02 to 0.06 jam is preferred. The mean pore width in the direction orthogonal to 
the stretching direction is commonly about 0.005 to 0.5 |im, and preferably about 0.005 
to 0.1 (im. The mean pore width may, for example, be 0.005 to 0.05 jim. More often, 
however, a width of about 0.01 to 0.03 jim is preferred. 

[ 0044 ] The Gurley value of the inventive microporous membrane is commonly about 
10 to 60 s/10 cm 3 , preferably about 15 to 50 s/10 cm 3 , and ideally about 25 to 
40 s/10 cm 3 . The porosity is about 20 to 70%, and preferably about 30 to 60%. The 
porosity may, for example, be about 20 to 60%. More often, however, the porosity is 
about 25 to 50%, preferably about 30 to 45%, and ideally about 35 to 40%. The pore- 
containing areas of the inventive microporous membrane have better flexibility and 
deformability, and the pores are rapidly closed by deformation during an increase in 
temperature. 
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[ 0045 ] Gurley value is the time needed for 10 cm 3 of air to pass from one side of a 
membrane to the other through a membrane surface area of 6.45 cm 2 (1 square inch) 
when the pressure difference corresponding to a 31-cm (12.2-inch) water column is 
applied to the membrane. 

[ 0046 ] Thus, the microporous membrane of the present invention is highly responsive 
to temperature increases, has homogeneous, fine pores, and is characterized by a 
considerable difference between the melting point and the melt start temperature, 
allowing the pores to soften, deform, and close up faster as the temperature increases. 
Consequently, the microporous membrane of the present invention has excellent 
shutdown properties and can be used, for example, as a cell separator, particularly a 
separator for a nonaqueous solution cell such as a lithium secondary cell. 

[ 0047 ] The microporous membrane of the present invention is obtained by stretching a 
film or sheet (hereinafter referred to merely as "a film") containing a crystalline base 
polymer and a low-molecular-weight material similar to this base polymer. 

[ 0048 ] The film can be obtained by a common film-forming method such as melt 
extrusion molding. 

[ 0049 ] The base polymer and the low-molecular-weight material may be mixed, fed to 
an extruder, and blended in the molten state in the extruder. According to another option, 
pellets obtained by premelting and blending a composition containing a base polymer and 
a low-molecular-weight material are fed to the extruder. 

[ 0050 ] The melting and blending may, for example, be performed at a temperature of 
about (Tm + 10)°C to (Tm + 100)°C, where Tm is the melting point of the base polymer. 

[ 005 1 ] A T-die technique, an inflation technique, or the like may be used to form a 
membrane by melt extrusion. The melt extrusion temperature is commonly about (Tm + 
10)°C to (Tm + 70)°C, and preferably about (Tm + 25)°C to (Tm + 50)°C. The film- 
shaped melt extruded through the die is fashioned into a uniform film after being taken up 
and wound at a takeup draft ratio (ratio of film speed V2 at takeup to molten resin 
discharge speed VI at die lip (V2/V1)) that is commonly about 10 to 200, preferably 
about 25 to 180, and ideally about 50 to 150. 

[ 0052 ] The film can be fashioned into a microporous membrane by being stretched in 
accordance with a common stretching method. The stretching process should preferably 
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involve performing uniaxial stretching in the same direction as the takeup direction of the 
film. The stretching process should also comprise stretching the film first at a low 
temperature (this step will hereinafter be referred to as "cold stretching 11 ) and then under 
heating (this step will hereinafter be referred to as "hot stretching"). Such a stretching 
method can yield a microporous membrane that has highly dense, uniform, and narrow 
pores. 

[ 0053 ] The temperature of cold stretching is commonly about (Tm - 50)°C or lower, 
preferably about (Tm - 200)°C to (Tm - 50)°C, and ideally about (Tm - 170)°C to (Tm - 
90)°C. Such cold stretching is commonly performed at a temperature of about -20°C to 
50°C. More often, however, a temperature in the vicinity of room temperature (about 0 to 
30°C) is preferred. The draw ratio is commonly about 1.2 to 3.0, preferably about 1.3 to 
2.5, and ideally about 1.4 to 2.0. The stretching rate is commonly about 10 to 600%/min, 
preferably about 20 to 500%/min, and ideally about 30 to 400%/min, assuming that the 
length of an unstretched film is 100%. 

[ 0054 ] In hot stretching, the film is uniaxially stretched in the same direction as the 
aforementioned stretching direction at a temperature that is about (Tm - 50)°C to (Tm - 
5)°C, preferably about (Tm - 40)°C to (Tm - 5)°C, and ideally about (Tm - 30)°C to (Tm 
- 5)°C, while the stretched state is kept unchanged. The draw ratio is commonly about 
1.1 to 3.0, preferably about 1.2 to 2.5, and ideally about 1.4 to 2.0. 

[ 0055 ] The combined draw ratio of the cold stretching and hot stretching is commonly 
about 1.4 to 6.0, preferably about 1.6 to 3.0, and ideally about 2.0 to 2.5. The cold 
stretching and/or hot stretching may be performed as a single step or multiple steps. 

[ 0056 ] The porous structure of the membrane should preferably be fixed by heat setting 
following the above-described hot stretching. The heat setting is performed at a 
temperature that is commonly about (Tm - 60)°C to (Tm - 5)°C, preferably about (Tm - 
50)°C to (Tm - 50)°C, and ideally about (Tm - 30)°C to (Tm - 5)°C. The heat setting 
time may, for example, be about 1 minute to 24 hours, and is preferably about 5 minutes 
to 2 hours. 

[ 0057 ] As noted above, a microporous membrane having a low melt start temperature 
can be fabricated by stretching a film containing a base polymer and a low-molecular- 
weight material. In addition, such a microporous membrane has a fine porous structure 
characterized by uniform pore diameters. Consequently, the manufacturing method of 
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the present invention allows a microporous membrane having such excellent 
characteristics to be fabricated inexpensively and efficiently by simple steps such as film 
formation and stretching. 

[ 0058 ] The microporous membrane of the present invention contains homogenous fine 
pores, has excellent permeability, and can thus be used in filters, electrolytic capacitor 
diaphragms, cell separators, permeable fabrics, and other applications. In addition, the 
microporous membrane of the present invention has a low melt start temperature, 
possesses characteristics that allow pores to be rapidly closed at comparatively low 
temperatures, and has excellent shutdown properties. The membrane can therefore be 
used as a cell separator, particularly a separator for a secondary cell or other nonaqueous 
electrolyte cell. A lithium secondary cell may, for example, be constructed using 
structural elements such as a positive electrode composed of a positive electrode active 
material, a negative electrode composed of a carbon material or the like, an electrolyte 
composed on a nonaqueous solvent containing a dissolved lithium salt, and a separator 
composed of the inventive microporous membrane. 

[0059] 

[ Merits of the Invention ] The microporous membrane of the present invention is 
obtained by combining a crystalline base polymer and a low-molecular-weight material 
similar to this base polymer. Consequently, the membrane is highly responsive to 
temperature increases and allows pores to be closed in a smooth manner. A large 
difference between the melting point and the melt start temperature is also established. 
Another feature is that narrow, uniform micropores are obtained. For this reason, the 
microporous membrane of the present invention can be used as a separator for a 
nonaqueous electrolyte cell, making it possible to prevent short circuits from being 
caused by temperature increases at an early stage. 

[ 0060 ] The manufacturing method of the present invention allows a microporous 
membrane having excellent characteristics to be fabricated with high efficiency by simple 
steps such as film forming and stretching. 

[0061 ] 

[ Working Examples ] The present invention will now be described in further detail 
through working examples, but the present invention is not limited by these working 
examples. 
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[ 0062 ] Working Example 1 

Low-molecular-weight polyethylene wax (viscosity-average molecular weight: 
3000) was added in an amount of 5 weight parts per 100 weight parts of polyethylene 
(melt index: 1.1 g/10 min; density: 0.954 g/cm 3 ), and the components were blended and 
extruded at 170°C, yielding a resin composition. The resin composition thus obtained 
was extrusion molded by a T-die technique at an extrusion temperature of 170°C and a 
draft ratio of 100, yielding a film. The unstretched film was stretched at a temperature of 
25°C and a draw ratio of 1 .5 in the same direction as the extrusion direction. The film 
was subsequently hot-stretched in the same direction as the cold stretching at a 
temperature of 1 10°C and a draw ratio of 1 .75. Heat setting was then performed for 
5 minutes at 1 15°C while the film was kept in the same stretched state, yielding a 
microporous membrane wi th a thickness of 20 |im. In the resulting microporous 
membrane, the mean po re width in the stretching direction was 0.5 jam, the mean pore 
width in the direction orthogonal to the stretching direction was 0.05 (am, the Gurley 
value was 43 s/10 cm 3 , and the porosity was 58%. 

[0063 ] Working Example 2 

A microporous membrane was obtained in the same manner as in Working 
Example 1 except that the low-molecular-weight polyethylene wax was added in an 
amount of 8 weight parts per 100 weight parts polyethylene. 

[ 0064 ] Comparative Example 

A microporous membrane was obtained in the same manner as in Working 
Example 1 except that the low-molecular-weight polyethylene wax was dispensed with. 

[ 0065 ] The melt start temperatures of the stretched films obtained in Working 
Examples 1 and 2 and in the comparative example were measured at a temperature 
increase rate of 10 ± l°C/min with the aid of a differential scanning calorimeter in 
accordance with the measurement technique defined in JIS K 7121. The results are 
shown in the table below. 
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[ 0066 ] 
[ Table 1 ] 





Melt start temperature (°C) 


Working Example 1 


78 


Working Example 2 


76 


Comparative Example 


85 
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